Various characteristics of 13 coagulase-negative, weakly heat-stable deoxyribonucleasepositive staphylococci from human, veterinary and food sources were determined in an effort to identify them. Nine of the isolates were identified as coagulase-negative Staphylococcus aureus (2), Staphylococcus xylosus (2), Staphylococcus simulans (3), Staphylococcus capitis (1) and Staphylococcus sciuri subsp. lentus (1); the other four isolates, from food and veterinary sources, could not be identified as currently accepted or proposed species. Teichoic acid and peptidoglycan compositions were used as key taxonomic characteristics. The determination of heat-stable deoxyribonuclease activity can be useful to detect coagulase-negative S. aureus strains. However, this activity also appears to: be present in strains of other staphylococcal species.
INTRODUCTION
Currently, the most widely accepted staphylococcal species are Staphylococcus aureus, Staphylococcus epidermidis and Staphylococcus saprophyticus. Coagulase production is a key characteristic of S. aureus and most pathogenic and toxigenic staphylococci are confined to this species. The ability of an organism to produce heat-stable deoxyribonuclease correlates well with S. aureus (Victor et al., 1969) , and has been determined simultaneously with coagulase in staphylococcal identification (Barry, Lachica & Atchison, 1973) . Stuphylococcus epidermidis and S. saprophyticus are considered to be negative in these two tests.
Several authors have described a relatively rare group of coagulase-negative, heat-stable deoxyribonuclease-positive staphylococci (Victor et al., 1969 ; Barry et al., 1973 ; Jasper, 1973; Lotter & Genigeorgis, 1975; Rayman et aZ., 1975) of uncertain identity. In this investigation, 13 such organisms were encountered on screening 197 isolates received from a variety of sources as 'atypical staphylococci'. The remainder of the organisms were either positive or negative in both tests except for one which was coagulase-positive and heat-stable deoxyribonuclease-negative ; these organisms were not studied further. The purpose of the work described here was to characterize the 13 coagulase-negative, heatstable deoxyribonuclease-positive organisms to see if they had more characteristics in common with S. dUreUS or with coagulase-negative strains. Particular attention was paid to the cell-wall teichoic acid type and the peptidoglycan composition.
The studies revealed that two of the organisms were S. aureus strains that failed to produce coagulase, seven were identified by the criteria described for coagulase-negative staphylococci (Kloos, Schliefer & Noble, 1976) but four organisms could not be classified by any of the schemes available, though they were undoubtedly staphylococci. was assayed as described by Kovacs (1956) .
Growth characteristics. Growth at 45 "C was determined after 24 and 48 h, and anaerobic growth in thioglycollate broth was determined according to Evans & Kloos (1972) . Growth in the presence of lysozyme and salt tolerance were determined by the methods of Kloos et a/. (1974) . Growth in crystal violet was determined by streaking cultures on Crystal Violet Agar (Difco) followed by examination after 24 and 48 h.
Enzymic activities. Coagulase production was determined by the tube assay using fresh rabbit (Difco), porcine (gift of Geo. A. Hormel Co., Austin, Minnesota, U.S.A.) and human plasmas. Rabbit plasma was used as recommended by the manufacturer; porcine plasma was used undiluted. Human plasma was prepared from fresh pooled blood (gift of Donor Room, University of Minnesota Hospitals, Minneapolis, Minnesota, U.S.A.) collected in EDTA Vacutainers. Blood was centrifuged to remove the red cells, diluted 1 : 3 with distilled water, filter-sterilized and frozen in sterile test-tubes prior to use. The tube assay was performed by adding 0.25 ml BHI broth culture to 0.5 ml plasma in sterile, capped 12 x 75 mm tubes which were examined for clotting after 1,2, 3 , 4 and 24 h, and scored as 0 to 4 + (Turner & Schwartz, 1958) .
Clumping factor was determined with rabbit plasma (Difco) according to the manufacturer's instructions.
Fibrinolysin was determined by a plate method (Hinton & Orr, 1957) using 15 % undiluted, filter-sterilized rabbit plasma incorporated into tempered 3HI agar. Soy Bean Trypsin Inhibitor (1 %, w/v; Sigma) was used to distinguish fibrinolysin from other proteases.
Organisms were assayed for both heat-labile and heat-stable deoxyribonucleases using the microslide technique (Lachica, Genigeorgis & Hoepich, 1971) . Cultures were grown statically in BHI broth (overnight) or with aeration (50 ml in 250 ml flasks shaken at 250 rev. min-l for 24 h). Deoxyribonuclease was also assayed by the method of Barry et al. (1973) using larger samples.
The ability to produce haemolysins was determined on BBL Trypticase Soy Agar containing sheep blood. Plates were incubated for 24 h, examined for clearing and then refrigerated overnight at 4 "C to demonstrate the ' hot-cold' phenomenon of P-haemolysin.
Nitrate reductase was determined after aerobic growth for 2 d in Nitrate Broth (Difco). After incubation, 1 ml broth was removed and tested for nitrate reduction by the addition of 5 drops each of sulphanilic acid and a-naphthylamine (Cowan & Steel, 1965) .
Phosphatase activity was determined by the method of Pennock & Huddy (1967), using a loopful of overnight culture from P agar as inoculum.
'Lysozyme' production (bacteriolytic activity) was determined by a plate method. Micrococcus luteus (1 litre) was grown aerobically for 24 h in the medium of Salton & Freer (1965) at 30 "C. Cells were harvested by centrifugation (16313 g, 5 min), washed in water and resuspended in 250 ml rehydrated BHI agar. The medium was autoclaved and plates were poured with tempered medium. Cultures were spotted on to the surface and incubated and examined after 24 and 48 h. Any clearing in the medium was considered to be a positive reaction.
Tellurite reductase was observed after growth for 24 and 48 h on Baird-Parker Agar (Difco). Black or grey colonies were considered strong or weak reactions respectively.
Carbohydrate utilization. The fermentation of glucose and mannitol was determined by the method recommended by the international Subcommittee (1965). Aerobic utilization and acid production from carbohydrates was determined by streaking cultures on Purple Agar Base supplemented with 1 yo (w/v) filter-sterilized sugar as described by Kloos et a/. (1974) . 
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The production of acetoin and final pH after growth in 2 % glucose broth was determined by the method of Baird-Parker (1963). Acetoin was detected by the modified Voges-Proskauer test (Barritt, 1936) . Wall composition. The presence of glycine cross-bridges in the cell wall was determined indirectly by measuring the susceptibility to lysis by lysostaphin. Cultures were grown overnight in 5 ml BHI broth to which 0-1 ml lysostaphin solution (1.25 mg ml-l) was added. Absorbance was measured initially and after incubation for 2 h at 37 "C. The organism was considered to be susceptible if a reduction in turbidity greater than 60% after 2 h was attained.
Walls were isolated from organisms grown in 1 litre culture for 18 to 24 h at 37 "C with shaking (250 rev. min-l) in P medium constituted with Difco Yeast Extract and Difco Bacto Peptone and supplemented with 0.3 % (w/v) K2HP04. Schliefer, Hammes & Kandler (1976) have shown that the original P medium yields walls with low glycine contents. Cells were washed once in water and then broken with glass beads (0.10 to 0.11 mm diam.; VWR Scientific, Denver, Colorado, U.S.A.) by shaking for 20 min at top speed in a Vibrogen Cell Mill (RHO Scientific, Commack, New York, U.S.A.). After removing the beads by filtration on a coarse glass sinter, walls were isolated by differential centrifugation (1631 6 g, 10 min, 4 "C) and washed once in cold water. Walls were heated in boiling water for 15 min to inactivate autolytic enzymes and were further purified by nuclease and trypsin treatments and by phenol extraction to remove lipoteichoic acid (Schliefer & Kocur, 1973) . Finally, the walls were washed extensively in water.
The teichoic acid type was determined by extraction of walls with 2 M-HCl at room temperature for 24 h followed by hydrolysis and alkaline phosphatase treatment of the extract (Wolin, Archibald & Baddiley, 1966; Schliefer & Kocur, 1973) . Both untreated and alkaline phosphatase-treated hydrolysates were examined by paper chromatography in solvent systems The peptidoglycan composition was determined by hydrolysing walls in 6 M-HCl for 18 h at 105 "C and measuring the amino sugars and acids on a Beckman model 120B amino acid analyser (Beckman Instruments, Palo Alto, California, U.S.A.), modified to give better separation of wall components.
Enterotoxin production. Enterotoxin A to E production was assayed serologically. Organisms were grown in BHI broth with shaking for 24 h and 25 ml were dialysed against polyethylene glycol and lyophilized. Dried preparations were reconstituted with 0.5 ml sterile saline and assayed for enterotoxin by a microslide gel diffusion method (Casman et al., 1969) . 
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RESULTS
Iden t $cat ion as Micrococcaceae
The test strains were classified in the family Micrococcaceae, being non-motile, Grampositive cocci, approx. 1 pm in diam., and dividing in uneven planes to form irregular clusters. All were catalase-and benzidine-positive and oxidase-negative.
Identijication as staphylococci
The organisms were identified as belonging to the genus Staphylococcus. They fermented glucose (except FB-2) and were susceptible to lysostaphin but resistant to lysozyme. All strains contained teichoic acids in the cell wall and had peptidoglycans with large amounts of glycine (Table 5 ). In addition, all tolerated at least 10% (w/v) NaCl and most grew at 45 "C ( Table 2) .
Characterization of strains Most of the organisms failed to coagulate rabbit, human or pig plasmas with the exception of strains RB-8 and F D A -R~~ which gave weak reactions in pig plasma ( Table 3) 
. Growth
Heat-stable nuclease-positive staphylococci 279 under aerobic conditions did not lead to increased coagulase activity. The test strains also failed to coagulate rabbit plasma when the inoculum was taken from a blood agar plate as recommended by the International Subcommittee (1 965) . In addition, all organisms failed to produce fibrinolysin, indicating that the coagulase reactions observed were indeed negative and not due to the dissolution of clots already formed. The organisms were negative for clumping factor. The test strains produced both a heat-labile and heat-stable deoxyribonuclease, and generally aerobic growth led to detection of increased activity (Table 3) . Interestingly, strain RB-8 produced less heat-stable nuclease when grown aerobically. The reactioiis observed were weak when compared to those of typical S. aureus strains, which demonstrate zone diameters of 1 to 3 cm according to Sperber & Tatini (1975) . The reactions were verified by the method of Barry et al. (1973) which uses about a 2.5-fold larger sample. All preparations, both statically and aerobically grown, gave stronger positive reactions.
Based on the results of the coagulase and nuclease tests, the organisms cannot be classified with any of the currently recognized staphylococcal species (S. aureus, S. epidermidis and S. sdprophyticus). Additional tests were therefore carried out which revealed the organisms to be a heterogeneous group. These tests were growth characteristics (Table  2) , the determination of several enzyme activities (Table 3) , carbohydrate utilization patterns ( Table 4 ) and wall composition ( Table 5 ).
In other tests none of the organisms appeared to contain protein A (strain FB-1 gave an equivocal result) or produce enterotoxins. An inhibition reaction was observed between strain F D A -R~~ and phage 77, at 100 RTD, of the human international S. aureus set. This strain gave weak reactions with the S. epidermidis phages 82 and 275 B and strain TPC-3 gave weak reactions with phages 41 and 130. The most striking aspect of the antibiotic resistance patterns (Table 2 ) was the novobiocin resistance of two strains.
Identijication of species
Staphylococcus aureusstrains FDA-R75 and FB-1. These organisms appear to be coagulase-negative S. aureus strains as they showed a positive correlation in all of the following 18-2 Heat-stable nuclease-positive staphylococci 28 1 characteristics with bona Jide S. aureus strains : heat-stable nuclease production, ribitolglucosamine teichoic acid, peptidoglycan type, nitrate reductase and phosphatase activities, colony characteristics, growth at 45 "C, acetoin production, final pH in glucose broth, anaerobic mannitol utilization, aerobic carbohydrate utilization patterns and production of bacteriolytic activity. In addition, FDA-R75 gave an inhibition reaction with a human S. aureus phage. Besides coagulase production, the organisms failed to correlate with S.
aureus in not being haemolytic and in not growing in the presence of 15 yo salt. One of the organisms (FDA-~75) came from the noselthroat of a healthy human, the other (FB-1) from a turkey bone. Staphylococcus xylosusstrains TPC-1 and TPC-2. These organisms correlated in almost all characteristics with the description of S. xylosus given by but were strongly bacteriolytic. These characteristics included production of acid from xylose, utilization of a wide range of sugars, novobiocin resistance, ribitol-glucosamine teichoic acid and peptidoglycan type. The organisms produced very distinctive large, white and gold colonies with crenate edges, failed to grow at 45 "C, tolerated 1570 salt, did not grow in thioglycollate or produce acetoin, and gave a final pH of above 5 in glucose broth. Nitrate reductase and phosphatase activities were detected but acid was not formed from mannitol anaerobically. The organisms were isolated from wholesome food.
Staphylococcus simulans -,strains ML-26, ML-55 and LH-Al2. These strains were isolated from human urine and showed excellent correlation with the description of S. simulans given by Kloos & Schliefer (1975 a) . The organisms had a glycerol-galactosamine teichoic acid and a low serinelhigh glycine peptidoglycan. Dense growth in thioglycollate was shown, large colonies were produced, several sugars were utilized including ribose, acetoin was not formed but bacteriolytic activity, nitrate reductase and phosphatase activities were all shown. The final pH in glucose broth was lower than described by Kloos & Schliefer  (1975 a) . The organisms produced acid from mannitol anaerobically.
Staphylococcus sciuri subsp. lentusstrnin FB-2. In terms of enzymic activities, carbohydrate utilization and growth tests this organism resembled S. xylosus strains TPc-1 and TPC-2. However, the organism had a glycerol-glucosamine teichoic acid and, notably, a high alanine content in the wall which is typical of S. sciuri (Kloos et al., 1976) . The organism appeared to belong to the lentus subspecies on the basis of small colony diameter, J. L. GRAMOLI AND B. J. W I L K I N S O N failure to grow at 45 "C, absence of phosphatase activity and lack of bacteriolytic activity.
Nitrate was reduced, acid was produced from galactose, glycerol and lactose, the final pH in glucose broth was over 5 and mannitol was fermented anaerobically. The organism was isolated from a turkey joint.
Staphylococcus capitisstrain LH-A3. This strain correlated with S. capitis in the following characteristics : small white colonies, growth in aerobic and anaerobic portion of thioglycollate medium, final pH in glucose broth, failure to grow in 15 OL, salt, growth at 45 "C and lack of phosphatase activity. Only a few carbohydrates were utilized, acid was produced from mannitol but not from trehalose or lactose, properties consistent with the identification as S . capitis. The high serine content of the peptidoglycan correlated with S. capitis as did the wall teichoic acid in that it was a glycerol type with no additional sugar constituent identified. However, excess glutamic acid was not found in the wall and the organism was not bacteriolytic, both of which are properties of S. cdpitis. The organism did not utilize mannitol anaerobically. The organism was isolated from human urine.
Unidenti3ed organisms It was not possible to identify the remaining strains. They were isolated from veterinary sources (strains RB-8 and RB-11) and from food (strains TPC-3 and TPc-Armour). Strain RB-1 1, which was isolated from feline urine, had a glucose-containing glycerol teichoic acid and a high serine content in its peptidoglycan. These attributes are typical of S. epidermidis but, unlike strains of the latter, the organisms did not produce large colonies or acetoin, and produced acid from trehalose but not from maltose. Strain RB-8, isolated from an equine hock joint, had a glycerol-glucosamine teichoic acid and a high serine content in its peptidoglycan. Strains RB-8 and RB-11 did not coagulate rabbit plasma or produce acid anaerobically from mannitol and could thereby be distinguished from the newly proposed Staphylococcus intermedius species from animals (Hhjek, 1976) .
Strain TPC-3, isolated from wholesome food, correlates best with S. simulans in growth characteristics, enzymic activities and carbohydrate utilization patterns. However, the organism has a glucosamine rather than galactosamine-containing glycerol teichoic acid, but does have a low serinelhigh glycine peptidoglycan. It is possible this organism represents a variety of S. simulans. Strain TPC-Armour, also isolated from food, has some unusual features and may represent an as yet undescribed species. The organism has an unsubstituted ribitol teichoic acid and a low serine/high glycine peptidoglycan. The organism does not appear to be a strain of S. aureus as it fails to produce acetoin and does not produce acid aerobically from several sugars including sucrose. Kloos et al. (1976) have found strains of at least two species, isolated from the skin of various mammals, that fail to produce acid from sucrose.
Specific identification of these four strains will presumably have to await extension of the host range in staphylococcal classification. Strain TPc-Armour in particular has quite distinctive properties and may represent a distinct species.
DISCUSSION
Previous workers who have studied coagulase-negative, heat-stable deoxyri bonuclease staphylococci have had difficulty in conclusively identifying their organisms as any of the presently accepted species (S. aureus, S. epidermidis and S. saprophyticus) . Here, of 13 of these strains examined, two were coagulase-negative S. aureus strains. Seven of the strains were identified as S. xylosus (2), S. simulans (3), S. capitis (1) and S . sciuri subsp. lentus (1) (Kloos et al., 1976) . The remaining four organisms were not identified at the species level. Such a heterogeneous collection of species may be due, in part, to the varied origins of the test strains.
Coagulase-negative S. aureus strains have been noted occasionally (Kapral & Li, 1960 ;
Heat-stable nucledse-positive staphylococci 283 Lominski, Smith & Morrison, 1953). Dobrin et al. (1975) , on the basis of serological tests, described two coagulase-negative staphylococci in renal infections that contained ribitol teichoic acids. As ribitol teichoic acid is a good indicator of S. aureus it is possible that these pathogens were of this species. From our results it seems possible that heat-stable deoxyribonuclease determinations can serve to detect coagulase-negative S. aureus strains. Interestingly, Hajek & Mars'Alek (1976) reported that four of 50 S. epidermidis strains produced heat-stable deoxyribonuclease and that three of 50 strains contained ribitol teichoic acids. These authors did not say whether the organisms corresponded in the two tests but it may be that some of these organisms were coagulase-negative S. aureus strains.
However, our results show that heat-stable deoxyribonuclease activity is not confined to S. aureus. Kloos & Schliefer (1975a) , Kloos, Schliefer & Smith (1976) and have reported that S. simulans, S. sciuri, S. capitis and some members of S. xylosus possess weak or moderate deoxyribonuclease activity, but they did not report on the heat stability of the enzyme activities. It would be useful to know whether weak, heat-stable deoxyribonuclease activity was typical of all members of these species, or whether the organisms we describe represent unusual cases. In the present study, S. epidermidis and S. saprophyticus were amongst the coagulase-negative species not encountered, but the significance of these observations will have to await further detailed studies of coagulase-negative, heat-stable deoxyribonuclease-positive organisms. Four of the organisms studied could not be identified as any accepted or newly proposed species. These organisms were from food and veterinary sources and their identification must await extension of species characterization to organisms from these sources and the willingness of investigators to continually refine staphylococcal classification.
In a study of coagulase-negative heat-stable nuclease-positive staphylococci from human sources, Dornbusch et al. (1976) concluded that the organisms belonged to a heterogeneous intermediate group sharing characteristics of S. aureus and S. epidermidis. Smith & Farkas-Hinsley (1 969) studied 2 1 pathogenic, coagulase-negative staphylococci and concluded that strains within the genus formed a continuous spectrum between the two extremes of S. aureus and S. epidermidis. Clearly, the recent refinement of classification of coagulasenegative staphylococci (Kloos et al., 1976) allows for more specific identification of intermediate organisms. For example, the organisms of human origin in this study have been identified as S. aureus, S. simulans and S. capitis.
Currently, there is appreciable interest in coagulase-negative staphylococci as agents of infectious disease. In our study, three S. simulans strains were isolated from human urinary tract infections. This species was only rarely encountered by who considered the organism to be related to S. aureus, which is well known for its potential pathogenicity. Recent studies have been designed to evaluate the role of members of the various coagulase-negative species in causing disease. In a study of 522 coagulase-negative organisms from human infections, Nord et al. (1976) reported that S. epidermidis and S. saprophyticus were most commonly isolated (together 69 yo) although, with the exception of S. xylosus and S. sciuri, all of the new coagulase-negative species were encountered. Recently, Oeding & Digranes (1977) reported that a considerable number of infections were caused by coagulase-negative species other than S. epidermidis and S. saprophyticus. However, more studies of the relationship between disease and the new coagulase-negative staphylococcal species would seem to be warranted.
We are grateful to Kathy Holmes and Margaret Munyan for their diligent technical assistance, to Dr Sita R. Tatini for enterotoxin determinations and to David Peterson for amino acid analysis. We thank Dr Jan Verhoef for attempting to phage-type the organisms with his S. epidermidis set. This work was supported, in part, by a Grant-in-Aid from the University of Minnesota Graduate School (to B.J.W.). We are grateful to Dr Leon D. Sabath for his support.
